Background. Small bowel adenocarcinoma is a rare gastrointestinal malignancy that is treated primarily with surgery. Even with optimal resection, however, survival is poor and recurrences are common. Response rates to palliative combination chemotherapy are low, and the median duration of survival for metastatic disease is less than 1 year. This study aimed to document the response rate and survival time for patients with advanced small bowel adenocarcinoma who were not surgically curable and were treated with a regimen of 5-fluorouracil (5-FU), mitomycin C (Mutamycin ® ; Bristol-Myers Squibb;
INTRODUCTION
Small bowel adenocarcinoma is an uncommon neoplasm that remains difficult to cure. It comprises a small fraction of all gastrointestinal (GI) malignancies (~1%) with an annual incidence of approximately 3,000 cases. With complete surgical resection, only 20%-25% of patients are cured. Inadequately resected or recurrent disease is incurable, and most regimens of chemotherapy achieve low response rates with minimal prolongation of survival [1] [2] [3] .
Given the rarity of this tumor, prospective evaluations of the efficacy of chemotherapy are rare, and most information is derived from descriptive studies that include retrospective analyses, case reports, and case series. Single and multiple agent regimens are empirically translated from experience with gastric and colorectal cancers.
Previously tested regimens include 5-fluorouracil [4] . One combination of these drugs, 5-FU, doxorubicin, and mitomycin C (the FAM regimen) demonstrated encouraging activity in gastric cancer [5] . Given the activity and safety of the FAM regimen for other GI malignancies as well as the need for better treatment of advanced small bowel adenocarcinoma, the Eastern Cooperative Oncology Group (ECOG) performed a phase II study of the FAM regimen in small bowel adenocarcinoma.
MATERIALS AND METHODS

Patient Selection
Eligible patients required the following inclusion criteria: biopsy-proven, noncarcinoid adenocarcinoma of the small bowel (duodenum, jejunum, ileum, ampulla of Vater); disease incurable by surgery (R2 resection, recurrent or primary metastatic); measurable disease by computerized tomography scan or hepatomegaly; adequate time from prior therapy (2 weeks for biopsy, 3 weeks for surgery, 4 weeks for radiotherapy or chemotherapy); no prior treatment with the FAM regimen; adequate hematologic, liver, and renal functions; no active heart disease; and no concurrent malignancy (other than CIN or basal cell or squamous cell cancer of the skin).
All patients provided appropriate informed consent at the participating institution. A total of 39 patients was enrolled, 38 were eligible and 36 were evaluable for response.
Treatment
Chemotherapy consisted of 5-FU, 600 mg/m 2 on days 1, 8, 29, and 36; mitomycin C, 10 mg/m 2 on day 1; and doxorubicin, 30 mg/m 2 on days 1 and 29. A cycle duration was 8 weeks. A single dose escalation of each drug by 10% was allowed if the patient met the following criteria during cycle 1: WBC nadir >4,000 cells/ml, platelet nadir >200,000 cells/ml, and hemoglobin nadir >10 g/dl. ECOG toxicity criteria were used to assess adverse reactions.
Each drug was decreased by 25% for platelet nadirs of 25,001-50,000 and WBC nadirs of 1,001-2,000 and by 50% for platelet nadirs <25,000 and WBC nadirs <1,000. Additional dose modification included: an additional 10% reduction in mitomycin C for hemoglobin nadirs <10 g/dl; a 25% reduction in 5-FU and doxorubicin for stomatitis or severe diarrhea (>5 stools/day); and a 25% reduction in doxorubicin for total bilirubin >2 mg/dl. Doxorubicin was discontinued in the setting of cardiotoxicity.
In order to receive a subsequent cycle of chemotherapy, the following hematologic values were required: WBC >3,000 cells/ml and platelet count >100,000 cells/ml.
Treatment was continued until toxicity or progression of disease.
Measurement of Effect
A complete response (CR) was defined as the absence of any clinically detectable tumor mass. A partial response (PR) was defined as a 50% or greater reduction in the product of the longest perpendicular diameters of the most clearly measurable area of the primary indicator lesion. With hepatomegaly, a PR was defined as a >30 % decrease in the sum of the liver measurements below the xyphoid process and below each costal margin at the midclavicular lines. Other areas of malignant disease must not have increased, and no new disease must have appeared. ECOG performance status (PS) score must not have decreased and weight loss must not have exceeded 10% of the pretreament dry body weight.
Disease progression was defined as a greater than 25% increase in the product of the longest perpendicular diameters of any measurable indicator lesion, a >25% increase in the sum of liver measurements, the appearance of new areas of tumor, any decrease in PS score, or weight loss >10%. Stable disease was defined as disease that was measurable but that did not fulfill any of the above criteria.
Statistical Methods
A confidence interval (CI) for the response rate was calculated with Atkinson and Brown's method for a two-stage phase II trial [6] . Probability estimates of survival time and time to progression were obtained from the Kaplan-Meier method [7] . The log-rank test identified differences in stratified survival curves.
RESULTS
Of 39 patients evaluated for enrollment, 38 were eligible and 36 were evaluable for response. Characteristics of all evaluated patients are listed in Table 1 . Gender favored men, and most patients where Caucasian. In concordance with the epidemiology of small bowel adenocarcinoma, most tumors occurred in a proximal location, including 17 in the duodenum and four at the ampulla of Vater. PS scores varied from 0-2, and age ranged broadly from 38-80 years.
Treatment was somewhat toxic but generally tolerated. Adverse reactions are categorized in Table 2 . As expected, the most common toxicity was hematologic, with one patient dying from grade 5 toxicity, most likely sepsis on day 15 of cycle 1 of chemotherapy. Five additional grade 4 hematologic toxicities were seen and included: fevers with WBC nadirs of 100, 500, 600, and 900 cells/ml on days 10, 12, 17, and 15 of cycle 1 of chemotherapy, respectively. A total of 26 patients experienced a severe or worse toxicity, with GI events making up most of the remainder. A range of mild and moderate toxicities were seen that included, primarily, vomiting, diarrhea, other GI symptoms, and alopecia.
A total of 36 patients were evaluable for response, and these responses are listed in Table 3 . Of the seven responses, two were CRs and five were PRs. Four patients achieved stable disease. The observed response rate (CR + PR) using all eligible patients (intention-to-treat analysis) was 18.4% (95% CI = 7.8%-34.4%).
Survival time and time to progression were roughly similar. Survival was calculated as the number of days elapsed between study entry and death. At the time of analysis, all 38 eligible patients were dead. The Kaplan-Meier survival curve is presented in Figure 1 . Survival time stratified by clinical characteristics is presented in Table 4 . The median survival time of all patients was 8 months, with 13% surviving for 2 years. Only PS score correlated with survival Gibson, Holcroft, Kvols et al. 134 (p = 0.02 by log-rank test), demonstrating worse outcome in patients with poorer PS scores. There was a nonsignificant trend toward worse survival for patients older than 65 years.
In the time-to-progression analysis, the date of progression for most patients was defined as the relapse date or the date of death if relapse did not occur. The data listed in Table  5 include information for four patients for whom progression was not observed. One of these died while in PR of unrelated causes, one was stable at 3 months but then was censored when lost to additional follow-up, one was administratively removed from the study, and one died of unrelated causes and was censored at the date of death. The median time to progression of 5 months was only 3 months shorter than the median survival time. Only age demonstrated a trend toward significance as a predictor of time to progression.
DISCUSSION
At the time of initiation of this phase II, multi-institutional study, few treatment options for advanced small bowel adenocarcinoma existed, and the overall experience with chemotherapy was limited. The MD Anderson experience with 14 patients treated between 1950 and 1980 provided perhaps the largest single aggregation of patients [4] . In that study, 21 chemotherapy regimens were given to patients with unresectable and recurrent disease. Objective tumor shrinkage occurred in three patients (response rate [RR] = 21.4%), all of whom received a combination that contained 5-FU. One responding patient received 5-FU, doxorubicin, and mitomycin C (the FAM regimen). The median survival time of all patients was 9 months. Similar results were documented by Ourial and Adams [8] .
The current study prospectively evaluated the efficacy of FAM chemotherapy in 39 patients with advanced small 135 Chemotherapy for Small Bowel Carcinoma bowel adenocarcinoma. This largest single study to date of chemotherapy in this disease included a representative sample of patients, suggesting that the results can be generalized [9, 10] . Toxicities were manageable, and accrual goals were reached; however, the studied combination did not achieve a response rate or survival duration greater than historical controls. As such, while this regimen has activity in small bowel adenocarcinoma, it does not represent an improvement over prior approaches and cannot be advocated for future study or general use. It does, however, document that small bowel adenocarcinomas are chemotherapy sensitive and are likely treatable with regimens defined for gastric adenocarcinomas. Tremendous progress in the treatment of advanced GI malignancies has occurred since this phase II study concluded. Although most experience is with colorectal, gastric, and esophageal cancers, additional reports of treatments for advanced small bowel adenocarcinoma do exist. Crowley et al. [11] reported the Royal Marsden experience of using infusional 5-FU as a single agent or in combination with cisplatin and epirubicin (Ellence ® ; Pharmacia and Upjohn; Portage, MI), the ECF regimen [10] . Of the eight patients assessable for response, one achieved a CR and two achieved PRs (RR = 37%), with a median overall survival time of 13 months. A more recent publication described the use of single-agent irinotecan (Camptosar ® ; Pfizer Pharmaceuticals; New York, NY) in three patients with advanced disease [12] . Two patients achieved PRs with palliation of symptoms.
While treatments for advanced GI malignancies continue to advance, objectively evaluated chemotherapy options for small bowel adenocarcinoma remain limited. This lack of data will likely continue given the rarity of this disease. Until additional multi-institutional studies are done, it is likely that practitioners will continue to translate regimens developed for other upper GI malignancies for use in small bowel adenocarcinoma.
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